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Abstract 

This report is intended to give a summary analysis of the  candidate  model configurations 
under consideration by NCAR for the atmospheric  component of next  version of the 
Community Climate System Model (CCSM). Intercomparison  results  are  presented for 
each of the models available prior to the Atmospheric  Model Working Group (AMWG) 
meeting, December 12-14,2000. We present four types of figures in this report. The 
traditional methods of viewing zonal mean surface  fields,  latitude-longitude maps and 
zonal mean latitude-height cross sections are  straightforward. In each of these cases, we 
present DJF and JJA climatological averages and a difference  from  an  observational or 
reanalysis data set. The fourth method of analyzing  the  candidates’  model  performance 
involves the use of “per€ormance portraits” and is explained  in  detail on following pages. 

As stated by NCAR and the AMWG, the information  included  in  this  report should be 
considered proprietary to NCAR and is not to be cited,  consistent  with the disclaimer on 
the AMWG password protected web pages. 

We deliberately have deferred our conclusions in  this  printed report to  our  presentation. 
Rather, we encourage you to draw your own conclusions  based  on  these figures and other 
information made available at the AMWG meeting. 

Michael Wehner 
Program for Climate Model Diagnosis and  Intercomparison 
December 13,2000 



List of candidate model names 
CCM-3.5.27AMIP standard 18 level model released as CCM version 3.6. 
CCM-3.9.1lAMIP standard 30 level model released as CCM version 3.10. 

SDL-AMP CCM 3.10 physics with  semi-lagrangian dynamics. 
LR-AMIP CCM 3.10 with Lin-Rood dynamics 

RAS-AMIP CCM 3.10 physics with  relaxed  Arakawa-Schubert convection. 
CSU-AMP Colorado State University  Arakawa-Schubert convection scheme 
TRIG-AMP CCM 3.10 using Zhang-McFarlane convection with physical triggers. 
ZHANG Zhang-McFarlane convection with modified closure 

VDT CCM 3.10 physics with vertical  diffusion of dry static energy. 
H20ABS CCM 3.10 using new H20 longwave absorption parameterization. 
RlUP CCM 3.10 standard model using a 1-digit reduced grid. (not available) 



Climate variables analyzed in this study 
Title I units Reference Data set I 

~~ 

Total Cloud Amount percent 
Covariance of eastward MetersA2/secondA2 
and northward wind 

ISCCP I 
ECMWF I CVUVa 

~~~~~ 

Covariance of Meters-kgsec 
northward wind and 
sDecific humidity 

ECMWF 

ECMWF Covariance of Meters- 
northward wind and Kelvidsecond 
temperature 
Heat flux latent surface Wattslmeter"2 
Heat flux sensible Watts/meterA2 
surface 
Specific humidity k@g 
Precipitation minus mdday 
evaporation 
Total precipitation rate mdday 
Precipitable water kg/rneter*Z 
Sea Level Pressure hPa 
LW cloud radiative Watts/meterAZ 
forcing 
LW radiation TOA Watts/meterA2 
(OLR) 

cvvta 

1 hfls I LHFLX UWMCOADS 
uw I hfss I s-x MCOADS 

==i UWMCOADS 

I hus ! Q  

Xie-Arkin 
ECMWF 
ECMWF 

PRC+PRL 

PSL 
rltcrfm2 

FLUT 

LW radiation TOA 
clear sky I Watts/rneterA2 

ERBE rlutcs FLUTC 

I rstcrfm2 
SW cloud radiative Watts/rneterA2 

TOA clear skv 1 rsutcs ~~ , 
Air Temperature Kelvin 
Surface (2m) air Kelvin -I Jones-Parker I TRE: ternDerature I 

UWMCOADS 
stress (positive for 

stress (positive for 
UWMCOADS 

northward wind) I 

2 3  Meters ECMWF 



Reference Data Sets used by PCMDI in the evaluation 
of CAM candidate models 

The following page is excerpted from Mike  Fiorino's  page: 
http://www-pcmdi.llnl.gov/obs/pods/mo/obs.mo.source.htm . 

A heuristic quality rating is given  based on a characterization of quality  used in  the NCEP 
reanalysis project. The table below  describes the NCEP rating  scheme. 

Data Qur tlitv Scale 

~~ ~ 

-1direct  influence of observational  data,  but  large  component from an 1 
older and/or  lower quality model - " - 
indirect influence of observational  data; a11 model,  but a model of 
higher quality -. than C 

no direct influence of observational  data;  all  model  and of lesser 
uali than C 

Kev to Data Set DescriDtion Table 
met Title 1 Descrktion 

M - > Y Y "  format  where YYYY is the four-digit  year  and YYMM is a t w c  

" 

How the  data  set is cited  in a paper 
!Reference: I - -. . "_ 1 ." Reference 
1 Web Resource: 1 URL (clickable) 

" """-_"I_II """.l.""""""" 7- . 1 

- . " - . . " - ~ "" ._"_ _ I  " _ .  - l.._..""__._" ~ """ ~"~ _".~___ """""_ ~ _ _  "_" 

http://www-pcmdi.llnl.gov/obs/pods/mo/obs.mo.source.htm


NCEP CMAP 
Precipitation (xie 
&Arkin) 

NCEP Xie and Arkin CPC (Climate  Prediction Center) Merged Analysis of 
Precipitation (CMAP) 

Comment: 

servations,  satellite  estimates,  and  numerical  model predictions. J.  Climate, 9, 
840-85 8. 
Xie, P. and P. Arkin,  1997:  Global  precipitation: A 17-year monthly analysis basel 

ERBE 
Time Type: 
Frequency 

Quality Rating 

Comment: 

Citation: 

Reference(s); 

Web Resource 

Earth Radiation  Budget  Experiment (ERBE) data  set 
tlme senes 
mo 
8502->8905 

The most  accurate  measurement of top of the atmosphere short and long wave, am 
clear and cloudy  radiation:  limited  time  period 
Barkstrom  et  al.  1989 
Barkstrom, B.R., E. Harrison, G. Smith, R. Green, J. Kibler, R. Cess, and EFtAB 
Science Team, 1989:  Earth  Radiation Budget Experiment (ERBE) archival and 
April 1985 results. Bull. Arner. Meteor. Soc., 70, 1254-1262. 
,ht~~~://asd-www.larc.nasa.aov/erbe/ASDerbe.html 
?" -. " "  ' " . , '  . , , , . ' .  . . , 7 

s ~ ~ " " - . . -  ISCCP c2 "" b c o n a l  _". , - " Satellite " _"" Cloud Climatology " "+I Project .- (ISCCP) C2 data s e t  "" 

Time Type: time series 
' Frequency mo 
i.".__ " . " -______ "__1___"_ ~ . 

pime . _" Period: ""_ ~ 18307->9012 .____I___ ~. ."_..I. I,." * 

I Quality Ratiw IB 
~ "__ """ __I_____I.__ " _  _.""..r_._. . I  . .I. . _  .. " - - ~ " ~ "= 



I Satellite-sensed  cloud  properties;  best  coverage for the AMIP I decade;  direct 
cornoarison  with  models  ambirrnous 1 Comment: 

1- [Rossow, W.B., L.C. Garder, P.J. Lu, and A.W. Walker, 199 1: Intemational  satellit 

1 Reference(s); I cloud climatology  project (ISCCP) documentation of cloud  data. W O R D - N o .  
266. World  Meteorological  Organization, 76 pp plus appendices. 

1 1(http://isccp.giss.noaa.gov/doucments.html) 

:Fear Re  Andy sis (ERA- 15) 
. .  . 

Time  Type: 

4 

Time  Period: 

Quality Rating 
Comment: 
Citation: 

d 

1 

time series 
mo, 6h 
- 1 

- .  - P 

790 1 ->9402 
A -> C 
a I_ . ., . ., . ," . - .. ... . w .! 

Ix= 

Highest resolution  reanalysis  with  direct  assimilation of satellite  radiance data ,___ 

Gibson et al. 1997 
, J.K., P. Kallberg, S.  Uppala, A. Hernandez, A. Nomura, E. Serrano, 1997: 

Department of Commerce, NOAA, NESDIS. 
da Silva, A.M., C. C. Young  and S. Levitus, 1994b: Atlas of Surface Marine Data 
1994, Volume 2: Anomalies of Directly Observed Quantities. NOAA Atlas 

da Silva, A.M., C. C. Young and S. Levitus, 1994c: Atlas of Surface Marine Data 
1994, Volume 3: Anomalies of Heat  and  Momentum  Fluxes. NOAA . . ". . Atlas . . ~ NESDI . . ~  



8, U.S. Department of Commerce, NOAA, NESDIS. 
da Silva,  A.M., C. C. Young and S. Levitus, 1994d: Atlas of  Surface Marine Data 
1994, Volume  4: Anomalies of Fresh Water Fluxes.  NOAA  Atlas NESDIS 9, U.S. 
Department  of  Commerce, N O M ,  NESDIS. 
da Silva,  A.M., C.C. Young and S. Levitus,  1994e:  Atlas of Surface Marine Data 
1994, Volume 5 : Anomalies of Miscellaneous  Derived Quantities. NOAA Atlas 
NESDIS 10, U.S. Department of Commerce, NOAA, NESDIS. In press. 
Young-Molling, C.C., A. M. da Silva and S. Levitus,  1995:  Atlas of Surface Marir 
Data 1994,  Volume 6: Heat Flux Sensitivity to Sea Surface Temperature. N O M  
Atlas NESDIS -, US. Department of Commerce, N O M ,  NESDIS, In  preparatic 
ftp://niteroi.gsfc.nasa.gov/pub/uwm coads/lxl/d;ita/cIm/README 
> 4 

1 JonesParker \Jones Parker Merged Surface Air Temperature IPCC data set 

IFreauencv Imo 

Web Resource 

ftp://niteroi.gsfc.nasa.gov/pub/uwm


PCMu)I Performance Portrait diagrams 
The performance  portrait  diagrams  provide  statistical  information about model 

output relative to a reference  (usually  observational)  data set in a tabular form, but  with 
the numerical values of the  table  replaced by shades of red and blue  colors. The principal 
use of these diagrams is to readily identify significant  changes  in large numbers of 
variables across multiple  models. Typically, the colors indicate the relative  size of the 
root-mean-square ( T I I S )  errors. Smaller errors are  represented by blue  colors, whereas 
larger errors are  represented by red  colors. Darker hues  indicate  the  more  extreme  ends of 
the range of values. 

For this study,  numerous climate variables are analyzed by these perfomance 
portraits over a selection of seasons and  geographical  ranges.  Temporal  averaging is 
performed first followed by application of the  formulae  defined below. Four different 
latitude bands over  all  longitudes  are  considered.  They are global, 90N-20N, 20N-20s 
and 20S-9UN. Together  these  two  dimensions  define  the components of the variables. 

Definition of the normalized root-mean-square (IRRIS) error. 

Depending on the  variable  considered and the  units of measure  adopted  the 
magnitudes of the root-mean-square (RMS) errors can differ  widely. In order to express 
the errors in  non-dimensional form, which  facilitates comparisons across  different fields, 
the errors are normalized by the standard  deviation of the  observed  field, The normalized 
root-mean-square error, E, for model-simulated  field, f, compared with  observed fjeld, r, 
is defined as  follows: 

where the sum includes all points  (covering all dimensions of  interest-space and/or 
time) and or is the standard deviation of the  observed  field.  When  the sum includes the 
longitude andor latitude dimension,  the  elements are weighted by grid-cell area (i.e., area 
weighted). In this  study,  both  the  model  and observed data are mapped  to a 2.5" x 2.5" 
latitude-longitude grid defined by the ECiMWF reanalysis before computing  the statistics. 

Definitions of the normalized "bias" and normalized "centered RMS difference". 

The total (or uncentered) RMS error,  defined by (I), can be resolved into two 
components in order to isolate  the  differences  in the centered  patterns  from  differences in 
the means of the  two fields. The overall  magnitude of the  normalized "bias" is defined as 
the absolute value of the overall mean difference between the  two  fields divided by the 
standard deviation of the observed field: 



where the overbar indicates an average over  all points (again covering all 
dimensions of  interest-space andor time). Figure la  shows a typical  representation of 
the normalized bias error of a single model. In this figure, all variables  and components 
considered are shown. Because  this  figure shows the actual values of the  normalized  bias 
error, there is a wide range of values indicated by the color bar. In figure Ib, the  same 
information is shown except  that  all  models  under consideration are percentile  ranked 
against each other. The model  with the smallest error is ranked  highest ( looth percentile, 
indicated by darkest blue),  while  the  model  with  the largest error is ranked lowest (Om 
percentile, indicated by dee est red). The rank of the other models is indicated by lighter 
shades of red (below the 50 percentile)  and  blue  (above  the 50th percentile). s 

The normalized  centered RMS or pattern difference is defined as the RMS 
difference computed after the overall bias  has been  removed from each field: 

Figure 2 shows a typical  normalized  pattern error of a single model.  Interpretation 
of the axes and color ranges is the same as for figure la. 

The two components add  quadratically to yield  the  total  normalized  mean-square 
error: 

Figure 3 shows a typical  normalized  total error of a single component of all  variables for 
all models. Interpretation of the axes and color ranges  again is the same as €or figure la. 
Figure 4 shows a typical portrait of  the  total  normalized  error of a single  variable. In this 
case, all models and components  are  shown. Similar plots showing the  portrait of a single 
component can also be made. These are  particularly  useful in portraying  variability 
behavior of a model.  However,  in  the  first  phase of this  study we have  not used them as 
the forcing function is climatologically  averaged. 

Comparison of  errors  (Le., error differences). 

It is also possible  to show changes  from  one  model  version  to another in  the 
normalized RMS error, equation (l), relative  to  the  reference data set.  These changes can 
be expressed as absolute  differences or as  fractional changes in  the  error (expressed as a 
percent). Consider, for  example,  the  normalized  difference  in  the  centered RMS error, 
equation (3), between  the  original  version of a model (model 0) and a revised  version 
(model 1). The difference in RMS errors is  given by: 



The fractional change in  pattern error is expressed as a percent. For the total 
(uncentered) RMS error, for example, the fractional change in the error is given by: 

Figure 5 shows the changes in total normalized error in  one model's performance relative 
to another model's for all components of all variables. Variables that show improvement 
are indicated by blue. Those that  got  worse are indicated in red. Darker hues represent 
larger changes than do lighter hues. Figure 6 shows the sarne the change in total 
normalized error in one  component of all variables for all models. 

This work was performed  under  the  auspices of the U S .  Department of Energy by the University 
of California, Lawrence  Livermore  National Laboratory under  Contract No. W-7405-Eng-48. 
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Specific humidity at 850mb 
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CCM3.6 AMlP2 

Standard 18 level model 

T42, 18 levels 

“official” AMIP2 run as submitted to 
PCMDI. 
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CCN13.9.11 - AMIP2 

Standard 30 level model released as 
CCM version 3.1 0 

142, 30 levels 

0 AMIP2 run 
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CCM3.9.11 AMIP2: Percentage Difference from CCM3 AMIP2 Dec 02,2000 
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AMlP30L: Absolute Difference from CCM3.9.1 I 
Normalized Bias 
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SLD AMIP2 

CCM 3.10 physics with semi- 
lagrangian dynamics. 

T42, 30 levels 

AMIP2 run 

Contact: Dave Williamson, NCAR, 
wmson @ ucar.edu 

http://ucar.edu
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LR - AMIP2 

CCM 3.10 with Lin-Rood dynamics 

9 2Ox2.5O, 30 levels 

AMIP2 run 

Contact: Sharon Nebuda, NASA-GSFC 
Data Assimilation Office, 
nebuda@dao.gsfc.nasa.gov 

mailto:nebuda@dao.gsfc.nasa.gov
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RAS AMIP2 

CCM 3.10 physics with relaxed 
Arakawa-Schubert convection. 

T42, 30 levels 

AMIP2 run 

Contact: Jim Hack, NCAR, 
hack@ ucar.edu 

http://ucar.edu
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CSU - AMlP2 

Arakawa-Schubert convection scheme 

T42, 30 levels 

AMIP2 run 

Contact: M. Khairoutdinov, Colorado 
State University, 
marat @ inferno.atmos.colostate.edu 

http://inferno.atmos.colostate.edu
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CSU-AMIP: Percentage  Difference  from CCM3.9.11 AMlP2 
Normalized RMS Pattern Error 
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TRIG AMIP 

CCM 3.10 using Zhang-McFarlane 
convection with physical triggers 

T42, 30 levels 

AMIP2 run 

Contact: Phil Rasch, NCAR, 
pjr @ ucar.edu 

http://ucar.edu


Total precipitation rate (rnm/day) 
Observed (CPC. Xie-Arkin), DJF Observed (CPC, Xie-Arkin), JJA 

0 0.2 1 2 5 10 20 * .I "%* 

0.1 0.5 1.5 3 7.5 15 30 

TRIG AMIP, DJF TRIG AMIP, JJA 

0 0.2 1 2 5 10 20 
1 1 . ., 

0.1 0.5 1.5 3 7.5 15 30 

TRIG AMlP - Observed (CPC, Xie-Arkin), DJF TRIG AMlP - Observed (CPC, Xie-Arkin), JJA 
I 

-7 -3 1 5 9 

-9 -5 -1 3 7 
PCMDI 
Dec 01. 2000 



Heat flux latent surface (W/m*2) 
Observed (COADS), DJF Observed (COADS), JJA 

25 75 125 175 225 275 

0 50 100 150 200 250 300 
- "_ . . - . 

TRIG AMIP,  DJF TRIG AMIP, JJA 

25 75 125 175 225 275 

TRIG AMlP - Observed (COADS), DJF TRIG AMlP - Observed (COADS), JJA 

-35 -15 5 25 45 

PCMD! 
Dec 01, 2000 



"I 
x] 

Eastward surface wind stress (positive for eastward wind) (N/rn*2) 
UWMCOADS, DJF UWMCOADS, JJA 5 

-0.25 -0.1 5 -0.5 0.05 0.1 5 0.25 

-0.3 -0.2  -0.1 0 0.1 0.2 0.3 

TRIG AMIP, DJF TRIG AMIP, JJA 

-0.25 -0.15  -0.5 0.05 0.1 5 0.25 

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

TRIG AMIP - UWMCOADS, DJF TRIG AMIP - UWMCOADS, JJA 

-0.07 -0.03 0.01 0.05 0.09 

-0.09 -0.05 -0.01 0.03 0.07 PCMDI 
Dec 01, 2000 



LW radiation TOA (OLR) (W/mA2) 
Observed (ERBE), DJF Observed (ERBE), JJA 

Y /  

120 160 200 240 280 320 

100 140 180 220 260 300 340 

TRIG AMIP, DJF TRIG AMIP, JJA 

.. . . . . . . . . 

120 160 200 240 280 320 

TRIG AMIP - Observed (ERBE), DJF TRIG AMIP - Observed (ERBE), JJA 

-35 -1 5 5 25  45 

-45 -25 -5 15 35 PCMDI 
Dec 01, 2000 



3 
Total Cloud Amount (YO) - 

Observed (ISCCP), DJF Observed (ISCCPI. JJA c) 

0 20 40 60 80 1 00 

10 30 50 70 90 

TRIG AMP, DJF TRIG AMIP. JJA 

0 20 40 60 80 100 

10 30 50 70 90 

TRIG AMlP - Observed (ISCCP), DJF TRIG AMlP - Observed ISCCP JJA 

-70 -30 10 50 90 

-90 -50 -10 30 70 PCMDI 
Dec 01. 2000 



Sea Level Pressure (hPa) 
Observed (ECMWF Reanalysis), DJF Observed (ECMWF Reanalvsis). JJA 

975 985 995 1005 1015 1025 1035 

970 980 990 1000 1010 1020 1030 1040 

TRIG AMP, DJF TRIG AMP. JJA 

975 985 995 1005 1015 1025 1035 

970 980 990 1000 101 0 1020 1030 I040 

TRIG AMIP - Obsewed (ECMWF Reanalvsis). DJF TRIG AM1P - Observed (ECMWF Reanalvsis). JJA 

-7 -3 1 5 

-9 -5 -1 3 7 PCILIDI 
Dec 01 2000 



60 
1 20 
180 
240 

360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

300 

60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

Air Temperature 
ECMWF reanalysis DJF ECMWF reanalysis JJA 

60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

IS 

213 233 253 273 283 293 303 

203 223 243 263 278 288 298 308 

TRIG AMIP DJF TRIG AMIP JJA 
60 

120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

S 
213 233 253 273 283 293 303 

203 223 243 263 278 288 298 308 

TRIG AMIP- ECMWF reanalysis, DJF TRIG AMIP- ECMWF reanalysis, JJA 

6oo 660 1 
900 
960 

90N 75N 60N 45N 30N 15N Eq 15s 305 45s 60s 755 90s 5 
-7 -3 1 5 9 

-9 -5 -1 3 7 PCMDI 
Dec 01, 2000 



Eastward wind 
ECMWF reanalysis DJF 

9dN 7gN 6dN 4gN 3dN 1gN gq 16s 36s &S dS 74s 9 

ECMWF reanalysis JJA 

3 9dN 7 h  6dN 4gN  3dN 1dN $q 15s 365 4k3 6dS  7&i 91 

-20 -10 0 10 20 30 

TRIG AMIP DJF TRIG AMIP JJA. 
60 

120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

9ON 75N  60N 45N 30N  15N Eq l& 30s 4& 60s 75s 9d 

60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

S 9dN 7iN 6dN  4$N  3dN 16N & 16s 36s 4h 66s 7!% 9 
-20 -10 O IO 20 30 

5 15 25 35 

TRIG AMIP- ECMWF reanalysis, JJA 

-7 -3 

600 
720 6 6 0 1  \ ’’, 1 
780 
840 
900 - 
960 - 
S 90N 75N 60N 45N 30N 15N Eq 15s 30s 45s 60s 75s 90s 

I l l t l I i  1 
- 

5 9 

PCMD1 
Dec 01, 2000 



Specific humidity 
ECMWF reanalysis DJF ECMWF reanalysis JJA 

60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

S 

0.0005 0.002 0.006 0.01 0.014 0.018 

60 
1 20 
1 80 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

TRIG AMIP DJF TRIG AMIP JJA 
60 

1 20 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 

IS 

0 0.001 0.004 0.008 0.012 0.016 0.02 

0.0005 0.002  0.006 0,Ol 0.014 0.01 8 

TRIG AMIP- ECMWF reanalysis, DJF 

240 
300 
360 
420 

540 540 
600 600 
660 660 
720 720 
780 780 
840 840 
900 900 
960 960 

90N 75N  60N  45N 30N 15N Eq 15s 305 455 60s 75s 90s 
-0.002 -0.0005 0.0005 0.002 

-0.003 -0.001 0 0.001 0.003 PCMDI 
Dec 01. 2000 



7 
tas 
PSI 
Pr 

W e  
hfls 
hfss 
tauu 
taw 

dt  
rlutcs 

rIut 
rsutcs 

rsut 
rltctfm2 
rstcrfm2 

P W  
hus (850hPa) 
zg (SOOhPa) 
ta (200hPa) 
ta (850hPa) 
ua (200hPa) 
ua (850hPa) 
va (200hPa) 
va (850hPa) 

cwhusa (850hPa) 
cvwa (200hPa) 
cvuva (850hPa) 
cwta (200hPa) 
cwta (850hPa) 

L 
L 

t 

k 
n 
Tu 
0 
7 
cb 
0 

L 

4; 
A ru 
0 
v) 
ri3 
0 
7 - c L > 

U 
n L 
n ca 
0 
v, 

0 
rb 
v, 
W 

U 
L 
TI A 
Iu 
0 
7 
co 
0 
7 
W 

U c 
71 
Iu 
0 
v, 

A 

63 
Q 
7 
W 

z 
0 



LL a 



TRIG-AMIP: Percentage  Difference  from CCM3.9.11 AMIP2 
Normalized RMS Pattern Error 
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TRIG-AMIP: Absolute Difference  from CCM3.9.11 AMlP2 
Normalized Bias 
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ZHANG 

Zhang-McFarlane convection with 
modified closure 

T42, 30 l,evels 

5 year climatology run 

no AMIP2 run 

Contact: Guang Zhang, Scripps 
Institute of Oceanography, 
gzhang @ ucsd.edu 

http://ucsd.edu
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VDTI 

CCM 3.1 0 physics with vertical 
diffusion of dry static energy. 

9 T42, 30 levels 

5 year climatology run 

no AMIP2 run 

Contact: Byron Boville, NCAR, 
boville @ ucar.edu 

http://ucar.edu
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